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DETERMINATION OF URINARY 3-METHOXY-4-HYDROXYPHENYL-·
ETHYLENE GLYCOL BY GAS-LIQUID CHROMATOGRAPHY AND
ELECTRON CAPTURE DETECTION*

SHERWIN WILK, STANLEY E. GITLOW, DONALD D. CLARKE AND
DAVID H. PALEY
Department of Medicine, The Mount Sinai Hospital, New York, and
Department of Chemistry, Fordham University, New York , N .Y . (U.S.A .)
(Received January 24th, 1967)

SUMMARY

The determination of urinary 3-methoxy-4-hydroxyphenylethylene glycol
(HMPG), a major metabolite of epinephrine and norepinephrine by gas-liquid
chromatography and electron capture detection is described. A purified extract of
HMPG was treated with trifluoroacetic anhydride to form the highly sensitive
HMPG-trifluoroacetate derivative. Chromatography was performed on a 6o/0 QF-10065 column at 158°. Recovery was found to be 55·4% using [3 H ]HMPG. Two sets
of eight identical samples demonstrated a standard deviation from the mean of 6.9o/o
and 5-7o/0 . Thirty-five normal human urine specimens assayed by this procedure gave
a mean HMPG excretion of 0.86 #gfmg creatinine (range 0.25-1.49). Six urine samples
from patients with proven pheochromocytoma, and four from patients with proven
neuroblastoma were analyzed and gave rise to the anticipated elevation in HMPG
excretion. The high sensitivity of this procedure points to the possibility of estimation
of plasma HMPG levels.

The isolation and characterization of 3-methoxy-4-hydroxyphenylethylene glycol (HMPG) as a metabolite of epinephrine and norepinephrine was reported by
Axelrod et al. 1 in 1959. This compound normally present in urine as a sulfate conjugate is presumably formed by the reduction of the unstable intermediate 3-methoxy4-hyd.roxymandelic aldehyde, the aldehyde also being the common precursor via
oxidation of 3-methoxy-4-hydroxymandelic acid (VMA). Early attempts by Gitlow
et al. 2 to quantitate the normal urinary levels of HMPG utilized the two-dimensional
chromatographic system of Armstrong3 • Values of approximately I #g/mg creatinine
were found. The accuracy of this method ·Nas limited by the unfavorable RF of
HMPG in this system, giving rise to a rather diffuse spot. The only published proce-·
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dure for determination of HMPG is that of Ruthven and Sandler 4 • HMPG is determined spectrophotometrically after conversion to vanillin. The values reported are
. higher than those obtained by paper chromatography, indicating the presence of
other substances absorbing at 360 mp. The combination of gas-liquid chromatography
(GLC) and electron capture detection offers a powerful means for the analysis of trace
amounts of substances present in a complex mixture. Previous studies on the electron
capture properties of trifiuoroacetates 6 and the GLC assay of VMA as 0-trifluoroacetyl vanillin 6 indicated the usefulness of trifiuoroacetylation as the reaction of choice
for converting HMPG to a derivative possessing excellent electron capture as well as
chromatographic properties 7 .
METHODS

A volume of urine containing 2 mg of creatinine is placed in a 15-ml ground
glass-stoppered centrifuge tube, acidified with 0.1 volume 3 N HCl, and extracted
two times with two volumes of ethyl acetate. The ethyl acetate extracts may be pooled
and saved for the determination ofVMA6 . The remaining urine is adjusted to pH 5.2
and incubated overnight at 37° with 0.1 ml of glusulase (Endo Corporation). The
hydrolyzate is brought to 5.0 ml, centrifuged, and passed over a 5 em X 12 mm O.D.
column filled with the untreated resin AG rX4, roo-200 mesh, in the chloride form
(Biorad). The column is washed with IO ml H 20 and the HMPG collected in the next
20 ml H 20 wash into a 45-ml ground glass-stoppered centrifuge tube. After saturation
with NaCl, the HMPG is extracted into ethyl acetate (20, ro, 10 ml) by shaking for 3
min each time. The pooled ethyl acetate extracts are dried in a roo-ml round:-bottomed
flask using a flash evaporator, and the HMPG quantitatively transferred to a small
screw-capped vial with two successive I-ml portions of ethyl acetate that has been
redistilled over P 2 0 6 •
The derivative is formed by addition of 0.25 ml trifluoroacetic anhydride, the
vial covered with aluminium foil, tighly capped, and allowed to stand for I h at
room temperature. The contents of the vial are taken to dryness under dry N 2 , and
the derivative dissolved in I ml redjstilled ethyl acetate for chromatography, 2 pl
being applied to the column.
Separations are effected on a 6ft X 4 mm O.D. coiled glass column packed with
6°/ 0 QF-r-oo65 coated on Anakrom ABS 6oj7o mesh (Analabs) . The column temperature is maintained at 158°, and theN 2 flow rate adjusted to 6o ml jmin. The detector,
inlet, and outlet temperatures are kept 20° higher than the column temperature. The
meter range of a Packard Model 7508 Gas Chromatograph is set at I x ro- 9 A and
the lllgh voltage adjusted to 50 V. ·
A standard of trifluoroacetylated HMPG useful in determination of retention
time and linearity of detector response may be prepared by reacting 0.5 mg HMPG
(Calbiochem) in I ml redistilled ethyl acetate with 0.25 ml trifluoroacetic anliydride
in the described manner, the final reaction mixture brought to dryness, taken up in
I ml ethyl acetate and diluted I /roo for chromatography. Quantitation is achieved
by construction of a curve from the peak areas of the chromatographed HMPGtrifiuoroacetate derived from parallel urine samples containing 2- ro pg HMPG added
prior to the glusulase step.
[ 3 H ]HMPG used in determination of recoveries is extracted from the urine of a
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patient administered with dl-[,8-7-3 H]norepinephrine 8 • An ethyl acetate extract of the
glusulased urine is evaporated to dryness under a stream of air. The residue is taken
up in a small volume of ethyl aeetate and spotted along a line measured 2 inches
from the bottom of a 12 X 12 1 f 2 inch sheet of Whatman No. r filter paper together with
a carrier of authentic HMPG (Calbiochem). The paper is stapled into a cylindrical
form and the HMPG chromatographed overnight in an isopropanol- ammonia system.
The [3 H ]HMPG is located using a Nuclear Chicago radiochromatogram scanner and
by visualization of the purple adduct formed with diazotized p-nitroaniline. The
[ 3 H]HMPG eluted with H 20, demonstrated radiopurity in several different solvent
systems.
RESULTS

Trifiuoroacetylation of HMPG gave rise to a single symmetrical peak on the
6<y0 QF-1-0065 and polar 2% HIEFF-3B phases, and the non-polar ro 0/o GP58 silicone
oil phase. The electron capture response was measured as grooo mm 2 /1o- o moles. No
interfering peaks were observed in urinary extracts with respect to the HMPGtrifiuoroacetate peak when 6<y0 QF- I -0065 was employed as the liquid phase. The Rt
of the derivative using this phase was 5·4 min. Recovery studies were performed using
3 H -labeled HMPG. Overall recovery prior to injection of the derivative was found t~
be 55·4°/0 . The losses through the various steps of the procedure were determined on
a series of six identical samples containing equal amounts of added 3 H-labeled HMPG.
The recovery after passing over AGrX4 column was 68.2%, and after extraction into
ethyl acetate 59.6%. Reproducibility of the assay was determined by carrying two
sets of eight identical samples through the procedure and computing the peak areas
of the derivative obtained. The first set demonstrated a standard deviation from the
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Fig. r. Chromatogram of 5 ml normal urine compared to a parallel sample containing 4 p,g HMPG.
Fig. 2. Relationship between amounts of added HMPG and increase in area of HMPG- tri:fluoroacetatc peak.
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mean of 6.g<>j0 , and the second set 5·7%· The response of the detector was observed to
be linearly related to the peak area rather than to the peak height. Areas were computed by triangulation. Linearity was observed to hold for a relatively narrow range
(approximately to half the minimum recorder scale), and to fall off rapidly with
increasing concentration. It \\'as therefore essential to dilute samples whose response
fell outside the observed linear range. Urine samples were frequently diluted fourfold
prior to injection. Addition of pure synthetic HMPG to parallel urine samples gave
rise to an increase in peak area directly proportional to the amount of HMPG added
(Fig. I). Quantitation was achieved with respect to a curve constructed from these
values (Fig. 2). Thirty-five normal urine specimens were analyzed and found to yield
a mean HMPG excretion of 0.86 p,gfmg creatinine ± 0.50 S.D. (range 0.25-1.49).
Six samples of proven pheochromocytoma and four sam pies of proven neuroblastoma
were analyzed and gave rise to the anticipated elevation in HMPG excretion (Table I) .
TABLE I
EXCRETION OF

HMPG

Patient
Pheochromocytoma
D.H.

IN PHEOCHROMOCYTOMA AND NEUROBLASTOMA

pg fmg creatinine

I

7·5

W.P.

2.47

M.Y.
D.H.
P.H.
A.O.

7·98
7·85
3· 7I
4.60

Neuroblastoma
P.W.

174

D.W.

11.8

c.s.

10.0

A.D.

726

Normal values, mean = o.86 p,gfmg creatinine --1- 0.50 S.D., range 0.25-1.49.

DISCUSSION

Three steps are utilized in the procedure to remove possible interfering substances and yield a solution that, when chromatographed, produces a clean base line.
Phenolic acids are extracted into ethyl acetate from acidified urine. The possible loss
of some unconjugated HMPG at this step exists, but since this compound is largely
present in urine as a sulfate conjugate, these losses are anticipated to be minimal.
Ethyl acetate extracts taken from the acidified urine of patients to whom dl-[/J-7- 3 H Jnorepinephrine had been administered were chromatographed in an isopropanolammonia system (8oo ml isopropanol, 20 ml concentrated NH,OH, r8o ml H 20).
This solvent system will totally separate 3-methoxy-4-hydroxymandelic acid 'VMA)
from HMPG. The only radioactive peak observed corresponded to that of authentic
VMA.
By passage over AGrX4 column (the untreated resin obtained in a purified
form (Biorad) was found to be sufficient for these purposes), one removes those
phenolic acids normally present in the urine as conjugates but freed after treatment
with glusulase. In addition, the resin also removes pigmented material. It appears
Clin . Chim. Acta, 16 (1967} 403-408
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Fig. 3· Comparison of urine hydrolyzed with glusulasc and a parallel sample hydrolyzed with HCl.
6% QF-roo65 6oj7o mesh, 158°, N 2 flow 6o mlfmin, voltage = so V.

as if the passage of the HMPG molecule through the column is weakly retarded due
to its benzene ring. Thus little change in the elution pattern was observed whether the
eluent was H 20, 0.1 N NaCl, IN NaCl, or pH 7 phosphate buffer. Since the HMPG
is washed off the column with a fixed volume of H 20, it is important to keep the
hydrolyzate volume close to the prescribed s.o ml. Extraction of HMPG from a saltsaturated water solution into ethyl acetate removes the interference of most phenolic
am1nes.
Hydrolysis of the sulfate conjugate must be accomplished by use of the glusulase enzyme preparation. Heating in the presence of HCl has been found to destroy
approximately 92°/o of the HMPG. This is an analogous reaction to the acid-catalyzed
rearrangement of epinephrine and norepinephrine described by Fellman'. Fig. 3
compares two identical urine samples, the first treated with o.r ml glusulase and the
second hydrolyzed by heating with o.I vol. 3 N HCl for 30 min in a boiling water bath.
3
[ H ]HMPG added to both samples demonstrates an identical disappearance from the
acid-hydrolyzed urine.
Reaction of HMPG with trifluoroacetic anhydride in an ethyl acetate solvent
yields a single peak, presumably that of the fully trifluoroacetylated molecule (Fig. 4).
When the 6<>j0 QF-r-oo65 phase was used, no peaks were found to interfere with the
HMPG- trifluoroacetate peak. The stock solution of trifiuoroacetylated HMPG in ethyl
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Fig . 4· Formation of HMPG- tris- trifluoroacetate.
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acetate has been found to be stable for several weeks at room temperature, and the
trifluoroacetylated urinary extracts have demonstrated reproducible chromatograms
for a period of at least 24 h. The most convenient means of quantitation was found
to be by use of a curve constructed by carrying varying amounts of added HMPG to
parallel urine samples through the procedure (Fig. 2) . This method is valid as long
as the detector sensitivity remains constant. This can easily be checked by measuring
the response of the detector to a standard solution of HMPG prior to each day's use of
the machine. The range of linear response should be determined prior to quantitation,
and samples containing HMPG in excess of the linear range should be accordingly
diluted.
This procedure is suitable for and employed in this laboratory for specific
activity determinations 8 • Urine from a patient to whom dl-fP-7-3 H ]norepinephrine
was administered, was treated in the manner described above to isolate HMPG. The
final ethyl acetate extract prior to derivative formation was concentrated and spotted
on a 12" X !2 1 / 2" Whatman No. I paper strip and chromatographed in an isopropanolammonia system. A single radioactive peak with an RF identical to authentic HMPG
was demonstrated. No [3 H ]VMA or [3H ]normetanephrine could be demonstrated in
the final ethyl acetate extract.
The method described has been found to be highly consistent and to yield a
high degree of reproducibility. The values of HMPG excretion are in good agreemept with those obtained from bi-directional paper chromatography, e.g 11-g/mg
creatinine (range 0.5 2.0) 2 , and lower than those reported by Ruthven and Sandler\
(3•0. ± o.8 mg/24 h) indicating a lack of specificity in the latter method. In summation, the combination of gas-liquid chromatography and electron capture detection
has furnished a most reliable and sensitive means to assay for urinary HMPG, a major
metabolite of epinephrine and norepinephrine. The enormous sensitivity of the electron capture detector to HMPG-trifluoroacetate (gr ooo mm 2 jro- 9 moles) some twentyfold greater than 0-trifluoroacetyl vanillin, points to the possibility of extension of
this method to the PStimation of levels of HMPG in plasma and tissues.
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